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ABSTRACT 

Background: neonatal hyperbilirubinemia is a leading cause of morbidity and mortality in developing countries. 
Adverse consequences include neonatal mortality, classic manifestations of choreoathetoid cerebral palsy, isolated 
auditory impairment, and a diverse manifestation of subtle processing disorders because of BIND. 

Aim of the Work: the aim of the current study was to evaluate the effectiveness of intensive phototherapy on 
BIND score in neonates with severe hyperbilirubinemia. Patients and Methods: the current study is a 
prospective study conducted on 100 neonates with severe hyperbilirubinemia admitted to NICU at university 
Hospital, Faculty of Medicine, Al-Azhar University, Assuit, Egypt in the period between November 2017 and 
May 2018. The study group was divided into 2 groups, hemolytic and non-hemolytic hyperbilirubinemia groups. 
Results: regarding TSB and direct bilirubin at admission no significant difference was detected between both 
groups (p=0.543 and 0.632). Regarding TSB and direct bilirubin at discharge no significant difference was 
detected between both groups (p=0.712 and 0.213). Results show no significant change between hemolytic and 
nonhemolytic jaundice regarding rate of decline per hour of total bilirubin and direct bilirubin after 8 hs. No 
significant difference between study groups regarding BIND score at admission. At discharge, 95 (95%) 
neonates had BIND score 0 and 4 (4%) had BIND score 1-3. One neonate (1%) died before scoring. 
Conclusion: care must be taken not to delay the decision of exchange transfusion to the degree that endangers 
baby's life. BIND score can be used to assess the efficacy of intensive phototherapy in newborn with 
hyperbilirubinemia. 
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INTRODUCTION hours) as elicited by history and physical 
Neonatal jaundice is defined as yellow examination ®. Intensive phototherapy in neonatal 
discoloration of the skin, sclera from the eyeball, hyperbilirubinemia rapidly decreases total serum 
and mucous membranes caused by bilirubin bilirubin (TSB) below the threshold for treatment 
deposition in these tissues. Jaundice may be ®©, Bilisphere is a novel neonatal phototherapy 
present at birth or at any time during the neonatal device designed to provide blue light illumination 
period. Jaundice should be taken seriously because to the whole of a baby's skin surface. Neonatal 
of indirect (non-associated) or direct bilirubin phototherapy is most effective at high irradiance 
(conjugated) during the first 24 hours of life ®. and high treatment area coverage; the bilisphere 
In a recent study performed in the NICU of 360 is designed to maximise both factors. This 
Azhar Assuit, University hospital in year 2018, standalone device is mounted on a mobile stand 
cases of neonatal hyperbilirubinemia represented with four wheels each with a brake. The therapy 
45.3% of total admission, with total serum chamber is a horizontal cylinder containing 16 blue 
bilirubin level ranging from 8.6 -58.5 mg/dL, TL 20W/52 fluorescent tubes . 
where total serum bilirubin between 20-25 mg/dL 
was 26.5%, total serum bilirubin between 25-30 AIM OF THE WORK 
mg/dL was 20.8% and above 30 mg/dL was The aim of the current study is to evaluate 
19.1%. So hyperbilirubinemia remains a serious of the effectiveness of intensive phototherapy on 
problem in our country that needs further studying bilirubin induced neurological dysfunction (BIND) 
©, Bilirubin toxicity remains a significant problem score in neonates with severe hyperbilirubinemia. 
despite recent advances in the care of jaundiced 
(hyperbilirubinemic) neonates. There is a recent PATIENTS AND METHODS 
increase in reported cases of classical kernicterus, This study was conducted as a prospective 
partly due to earlier hospital discharge and study on 100 neonates with severe hyper- 
relaxation of treatment criteria for bilirubinemia admitted to NICU at University 
hyperbilirubinemia ©. Hospital, Faculty of Medicine, Al-Azhar 
Acute kernicterus remains a clinical University, Assuit, Egypt, in the period between 
emergency. Clinical "Bilirubin induced November 2017 and May 2018. The study was 
neurological dysfunction" BIND is the score of approved by the Ethics Board of Al-Azhar 
onset, severity and progression of acute bilirubin University. 
encephalopathy in infants with hyperbilirubinemia The study group was divided into 2 groups, 
(total serum bilirubin >95th percentile for age in hemolytic and non-hemolytic. 
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Inclusion criteria 

Any baby admitted with severe jaundice fulfilling 
the following data: 

Gestational age (GA) > 36 wks 

Hemolytic and nonhemolytic jaundice 


pc he 


No major birth defects 
Hemolytic cases are characterized by increased 
unconjugated bilirubin level, high reticulocytic 


count more than 6, hemoglobin concentration less : 
than 13 g/dl and positive Coombs test in ABO, Rh 
and minor group incompatibility. n 


Exclusion criteria: 

= Life threatening conditions: 

= Congenital malformation 

= Acquired life threatening conditions e.g., shock, 
respiratory failure and post arrest. 

Written Informed consents were obtained 
from parents or care givers then all the neonates 
included in the study were subjected to the 
following: 

A) Detailed History taking including 
Maternal history: 

= Blood group, family history of neonatal jaundice 
family history of G6PD. 
Perinatal history: 

= Antenatal: gestational age. 

= Natal: mode of delivery. 

= Postnatal: age, sex and weight on admission 
B) Examination: 
Neurological examination was performed during 
the stay in our hospital every 8 hours. 
Assessment of BIND score depends on the mental 
status, muscle tone and cry pattern of the neonates 
and was done before and after intensive 
phototherapy. 

1. Mental status data e.g.; normal, sleepy but 
arousable, decreased feeding, lethargy, poor 
sucking, irritable, jittery with strong sucking, 
semi-coma, apnea, unable to feed, seizures, coma. 


RESULTS 
Table (1): Demographic data of the study groups. 


TSB > 20mg/dL 3. 


2. Muscle tone data e.g.; normal, persistent mild to 
moderate hypotonia, mild to moderate hypertonia 
alternating with hypotonia, beginning arching of 
neck and trunk on stimulation, persistent 
retrocollis and  opisthotonos, bicycling or 
twitching of hands and feet. 

Cry pattern data e.g.; normal, high pitched 
when aroused, shrill, difficult to console, 
inconsolable crying or cry weak or absent. 

C) Laboratory investigation: 

Serum total bilirubin and direct 
bilirubin on admission and repeated after 8 hours. 
Hemoglobin, reticulocytic count, 

Coombs test, blood group of the infant. 

D) Interventions: 

The patients were put into intensive 
phototherapy (Novos-360). Bilisphere provides 
intensive, multi-directional phototherapy treatment 
to newborn jaundice and brings new standards and 
benefits for newborns. 

Primary outcome parameters 

The degree of decrements of BIND scores 
in response to intensive phototherapy. 

Secondary outcome parameters 

The rate of decline in using exchange 
transfusion in neonates with severe 
hyperbilirubinemia in relation to previous years 
before getting intensive phototherapy. 


Statistical analysis 

Data were statistically analyzed using 
standard computer program (SPSS) software 
package. The following tests were used: Frequency 
distributions, percentage distributions, Means + 
standard deviation, and tests of correlation. 
Confidence intervals (95% CI) were calculated 
when appropriate. Significance was adopted at 
P<0.05 for interpretation of results of tests of 
significance. P<0.01 was considered highly 
significant, while P>0.05 was considered non- 
significant. 


Non-hemolytic (n=50) Hemolytic (n=50) -value 
í 


GA (weeks) 37.23 + 1.01 
Age on admission (days) 6.114 2.55 
Weight on admission (gm) 2971+ 467 


37.78 + 0.9 >0.05 
4.14 2.23 <0.001* 
2912+ 455 >0.05 


Sex (n) 
Male 
Female 





* Significance at <0.05 


(%) 
80% 
20% 


92% 
8% 


90% 
10% 
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(n) 
3 


Family history of G6PD 
Negative 45 
Positive 5 


(%) 
710% 
30% 


92% 
4% 


10 15 
Consanguinity 
Negative 46 46 
Positive 4 


80% 
20% 


Pe s 
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As regard the demographic data of the neonates a significant higher age on admission in non-hemolytic 
group (6.11+ 2.55) than hemolytic group (4.14+ 2.23), (p< 0.001) was detected. On the other hand both groups were 
comparable regarding GA, weight on admission, days of hospitalization, gender, consanguinity and family history of 
G6PD (Table 1). 


Table (2): Mode of delivery of the study groups. 


ees Non-hemolytic (n=50) Hemolytic (n=50) 





Mode of delivery (%) (%) 
VD 35 710% 30 60% ` 
CS 15 30% 20 40% 

No significant difference between study groups regarding mode of delivery. 


Table (3): Gestational age (GA) groups in the study groups. 


Non-hemolytic (n=50) Hemolytic (n=50) 


peo eo eee 
GA groups (n) (%) (n) (%) 
36-38 wks 14 28% 13 26% >0.05 
>38 wks 36 72% 37 74% 


No significant difference between study groups regarding gestational age. 





Table (4): Comparison between study groups regarding laboratory data at admission. 


Non-hemolytic (n=50) Hemolytic (n=50) oe aie 
pane 
TSB (mg/dl) 26.01 + 4.85 27.1 +5.0 


Direct bilirubin 0.93 + 0.09 1.10 +0.17 >0.05 


(mg/dl) 


* Significance at <0.05 

Table (4) shows highly significant increase of hemoglobin in non-hemolytic than hemolytic jaundice, 
highly significant decrease of reticulocytic count in non-hemolytic than hemolytic and highly significant higher 
HCT in non-hemolytic than hemolytic. Regarding TSB and direct bilirubin at admission no significant 
difference was detected between both groups. 





Table (5): Comparison between study groups regarding laboratory data after 8 hours. 


Non-hemolytic (n=50) Hemolytic (n=50) 


Mean+SD Mean+SD 


TSB (mg/dl) 18.21+ 3.46 18.443.4 


Direct bilirubin 0.87 + 0.04 0.79+0.08 >0.05 
(mg/dl) 


Regarding TSB and direct bilirubin after 8 hours under Bilisphere no significant difference was 
detected between both groups (Table 5). 





Table (6): The rate of decline per hour in different study groups after intensive phototherapy. 


Group 
a a ie 


TSB after 8h 18.214 3.6 1.28 +0.03 18.4+3.4 1.58+41.26 


Direct bilirubin on 


Direct bilirubin after 8 hs 0.87+0.04 0.02+0.003 0.79+0.08 0.05+0.15 





Table 6 shows no significant change between hemolytic and nonhemolytic jaundice regarding rate of 
decline per hour of total bilirubin and direct bilirubin after 8hs. 
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Table (7): Comparison between studies groups regarding BIND score at admission. 


al Non-hemolytic (n=50) Hemolytic (n=50) 


BIND Range 0-6 
score Median 0 


No significant difference between study groups regarding BIND score at admission. 





Range 0-4 


Median 0 >0.05 


Table (8): Comparison between study groups regarding BIND score at discharge. 


Pee) Non-hemolytic (n=50) Hemolytic (50) 





BIND Range 0-3 Range 0-2 
score Median 0 Median 0 


>0.05 


At discharge, 95 (95%) neonates had BIND score 0 and 4 (4%) had BIND score 1-3. One neonate (1%) 


died before scoring. 


Table (9): Comparison between BIND score at admission and after 8 hours. 
BIND score at BIND score after 8 
admission hours 
Normal (0) 70 (70%) 94 (94%) 0.001 
Abnormal (1-6) 30 (30%) 6 (6%) ` 





* Significance at <0.05 


At the time of admission, 30 infants (30.0%) had a BIND score of 1-6 indicating subtle, moderate or 
severe acute bilirubin encephalopathy (ABE) while 70 (70%) babies had no evidence of ABE. Most babies 
improved with treatment apart from 6 (6%) patients who had persistent evidence of bilirubin encephalopathy 
after 8 hours. This difference was highly statistically significant. 


Table (10): Exchange transfusion according to type of jaundice. 


Se Non-hemolytic (n=50) Hemolytic (n=50) 


(%) 
6% 
94% 


Exchange 
Yes 
No 


(n) 
3 
47 


(n) 
2 
48 


(%) 
4.0% 
96% 





Exchange transfusion required in 3 neonates (6%) in non-hemolytic group and 2 neonates (4.0%) of the 


hemolytic group. 


Table (11): Days of hospitalization of the study groups. 


Non-hemolytic (n=50) Hemolytic (n=50) p- 
value 





Days of hospitalization 3.34+0.06 3.82+0.81 


No significance difference between study groups regarding days of hospitalization. 


DISCUSSION 

Neonatal hyperbilirubinemia continues to be a 
leading cause of morbidity and mortality in resource- 
limited countries . 

More than 80% of preterm and postnatal 
preterm infants suffer from nonverbal 
hyperbilirubinemia, which appears in the form of 
jaundice during the first week after birth. When 
postpartum children are monitored at the postpartum 
age, at-risk children sometimes need early and 
effective follow-up and possible interventions for the 
bilirubin vacuum. If unrecognized, the safety margin 
is narrow, and healthy newborns can be damaged by 
untreated brain damage ®. 

Adverse consequences include neonatal 
mortality, classic manifestations of brachial cerebral 
palsy, isolated auditory impairment, and various 
manifestations of hidden treatment disorders due to 
biliary dysfunction caused by bilirubin (BIND) ®. 
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The exact threshold in which bilirubin may be 
neurotoxic in a given infant is unknown and 
controversial. Better understanding and the ability to 
measure the association of bilirubin-albumin may help 
resolve this uncertainty . 

Phototherapy has been accepted as a standard 
treatment for neonatal jaundice, and there are different 
ways to offer phototherapy. The efficiency of 
phototherapy depends on emissions, peak wave length 
of the light source, radiation, and surface area of the 
exposed body, regardless of the different clinical 
factors "), 

In severe and rapidly increasing jaundice, the 
use of high-intensity phototherapy provides greater 
effectiveness and a faster decrement in bilirubin 
levels. Multiple phototherapy units are used to 
increase the light intensity and thus improve the 
efficiency of phototherapy €”. 
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Results of our study show highly significant 
higher hemoglobin in non-hemolytic than hemolytic, 
highly significant lower reticulocytic count in non- 
hemolytic than hemolytic and highly significant 
higher HCT in non-hemolytic than hemolytic. 
Regarding TSB and direct bilirubin at admission no 
significant difference was detected between both 
groups. 

A significant higher age on admission in non- 
hemolytic group than hemolytic group, was detected. 
On the other hand both groups were comparable 
regarding GA, weight on admission, days of 
hospitalization, gender, consanguinity and family 
history of G6PD. 

Similar to our results, Bhutani et al. O} found 
significant higher age of onset of nonhemolytic 
(6.1142.55 days) compared to hemolytic jaundice 
(4.1442.23 days). They also found no significant 
difference between both groups regarding weight, 
gender or consanguinity. Kaplan et al. “*) reported 
that G-6-PD deficiency is associated with neonatal 
hyperbilirubinemia. Its potentially devastating 
complication of kernicterus was reported. Unlike our 
results they found higher prevalence of G6PD history 
in neonates with hemolytic jaundice. This can be 
explained by the different ethnicity in our sample 
from their sample. 

Results of the current study show that 34% of 
neonates had Coombs' positive test while 66% had 
Coombs’ negative test. Among study group, 56% 
neonates had non-hemolytic jaundice, and 44 neonates 
had hemolytic jaundice of them, 27% neonates had 
ABO incompatibility, 6% had RH incompatibility, 7% 
had undefined cause and 4% had ABORH 
incompatibility. 

Similar to our results, Brits et al. ® found that 
common risk factors for hyperbilirubinemia include 
fetal-maternal blood group incompatibility (25.6%), 
RH incompatibility (8.5%) and ABORH 
incompatibility (2.9%). Gamaleldin et al. “® found 
that ABO incompatibility is responsible for 23.7% and 
RH incompatibility for 8.8% of cause of neonatal 
admission with jaundice to NICU. 

On the other hand Akgiil et al. ") found that 
ABO incompatibility is responsible for 75% of causes 
of neonatal admission with jaundice to NICU, and this 
percent was higher than our results (27%). 

Results of the current study showed that the 
rate of decline of TSB in nonhemolytic group was 
1.28+0.83 mg/dl/hr and in hemolytic group was 
1.5841.26 mg/dl/hr. The rate of decline of direct 
bilirubin in nonhemolytic group was 0.02+0.13 
mg/dl/hr and in hemolytic group was 0.05+0.15 
mg/dl/hr. No significant change between hemolytic 
and nonhemolytic jaundice regarding rate of decline 
per hour of total bilirubin and direct bilirubin after 
8hs. 

Similar to our results, Umran (°, 
demonstrated the efficacy of intensive phototherapy 
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and reported that the reduction rate of total serum 
bilirubin in nonhemolytic hyperbilirubinemia was 1.3 
mg/dl/hr. also Abd-Ellatif and Abd-Ellatif ©” found 
that the mean rate of TSB declined during stay in the 
bilisphere was 1.019 mg/dl/hr. 

On the other hand De Carvalho et al. \®, 
found that the rate of decline of TSB in nonhemolytic 
jaundice was 0.8 mg/dl/hr after 6 hours, and this rate 
was slower than our rate. This can be explained by the 
fact that they used a different type of light source as 
they used blue fluorescent light. 

Also Al-Hafidh et al. 9) found a lower rate of 
decline (0.8140.38 mg/dl/hr) although they used 
bilisphere similar to our study, the difference can be 
explained as they measured their rate after 6 hours and 
the initial TSB was lower in their population (18.85 + 
4.57 mg/dl). 

Bilirubin induced neurological dysfunction 
(BIND) score was performed to all neonates in our 
study at admission and on discharge from NICU. No 
significant difference between study groups regarding 
BIND score at admission (p=0.632) and at discharge 
(p=0.851). 

Neonates with BIND scores 4-6 represent 
cases with moderate acute bilirubin encephalopathy 
and are likely to be reversible with urgent bilirubin 
reduction ®. 

Similar to our results Gamaleldin et al. "® 
found that most of their neonates with neonatal 
hyperbilirubinemia had BIND score 0 (normal) on 
admission (60%), BIND score 1-6 in 32% neonates 
and only 8% had BIND score more than 6 (sever 
affection). On discharge, no infants with normal 
BIND on admission developed later signs of bilirubin 
encephalopathy (BE). Neonates with moderate BIND 
score (of 4—6) and with severe BIND score (of 7—9) 
had persistent evidence of BE at the time of death or 
discharge. 

Johnson and Bhutani ® believe that BIND 
represents a spectrum of neurologic manifestations 
among vulnerable infants who have experienced an 
exposure to bilirubin. 

In the current study all neonates had intensive 
phototherapy and only 5% of them needed single 
exchange transfusion. Exchange transfusion required 
in 3 neonates (6%) in non-hemolytic group and 2 
neonates (4.0%) of the hemolytic group. 

Similar to our results, Bradley et al. 
measured the efficacy of phototherapy in reduction of 
exchange transfusions in NICU. They found that only 
3% of their cases required exchange transfusion. 

Also, Abd-Ellatif and Abd-Ellatif ©” found 
that exchange blood transfusion was performed in 13 
cases out of 212 with extreme hyperbilirubinemia. 

On the other hand De Carvalho et al. 9, 
reported 100% rate in avoiding exchange transfusion 
after the use of intensive phototherapy with no cases 
required exchange transfusion. This difference from 
our results could be explained due to their prolonged 
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duration of intensive phototherapy (35.4+19.5) hours, 
compared to our duration (8 hours). Also Al-Hafidh et 
al. ™) found that exchange transfusion was not 
required in their study after intensive phototherapy. 
This difference can be explained by their lower initial 
TSB levels (18.85 + 4.57mg/dl) compared than our 
levels. 

In conclusion, phototherapy is an important 
treatment of choice to prevent the complications of 
unconjugated hyperbilirubinemia. The duration of 
exposure to elevated total bilirubin level is an 
important risk factor for acute bilirubin 
encephalopathy or kernicterus. Effective phototherapy 
decreasing total bilirubin to safe levels quickly can 
minimize the risk of bilirubin neurotoxicity “”. 


CONCLUSION 
From results of the current study we concluded that: 
High intensity phototherapy is effective in 
rapidly decreasing TSB levels and reducing the need 
for exchange transfusion. Intensive phototherapy can 
be used for cases with sever hyperbilirubinemia near 
level of exchange. Care must be taken not to delay the 
decision of exchange transfusion to the degree that 
endangers baby's life. BIND score can be used to 
assess the efficacy of intensive phototherapy in 
newborn with hyperbilirubinemia. 
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